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In the title compound, Ci 8 H 2 5N 2 + -N03 _ , the dihedral angle 
between the pyridine rings is 19.06 (10)°. In the crystal, the 
ions are linked into a three-dimensional network by N— 
H- ■ O and C— H- ■ O hydrogen-bonding interactions. 



Refinement 

R[F 2 > 2a(F 2 )} = 0.040 

wR(F 2 ) = 0.112 

5 = 1.06 

1705 reflections 

227 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap»ax = 0.14 e A~ 3 

Ap mi „ = -0.13 e A~ 3 



D-H-A 


D-H 


H---A 


D-A 


D-H-A 


Nl— HW-OV 


1.00 (3) 


1.89 (3) 


2.716 (4) 


137 (3) 


C4-H4- ■ 03" 


0.93 


2.58 


3.480 (4) 


164 


C7-H7-03" 


0.93 


2.49 


3.389 (4) 


163 


C9-H9- ■ 03'" 


0.93 


2.60 


3.385 (4) 


143 


Symmetry codes: 


(■) -x- 


hl.-y + l.z-i; 


(li) x-l-y- 


H,z; (iii) 



Data collection: SMART (Bruker, 2002); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: WinGX (Farrugia, 1999). 



Related literature 

For background to the coordination chemistry and applica- 
tions of bipyridine and its derivatives, see: Duan et al. (2010); 
Morrow & Trogler (1989); Noro et al. (2000); Yaghi et al. 
(1998); Huertas et al. (2001); Qin et al. (2002). 



tBu 



Experimental 

Crystal data 

Ci S H 25 N 2 + -NOr 
M, = 331.41 
Orthorhombic, Pna2 l 
a = 11.606 (5) A 
b = 9.770 (4) A 
c = 16.199 (7) A 

Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
T mi „ = 0.962, T m „ = 0.978 



tBu 




NO, 



V = 1836.8 (13) A 3 
Z = 4 

Mo Ka radiation 
fj, = 0.08 mm -1 
T = 273 K 

0.29 x 0.24 x 0.19 mm 



11773 measured reflections 
1705 independent reflections 
1314 reflections with I > 2a(I) 
R inl = 0.042 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2623). 
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Acta Cryst. (2011). E67, o2070 [ doi:10.1107/S1600536811028030 ] 
4-ter^Butyl-2-(4-ter^butylpyridin-2-yl)pyridinium nitrate 
W.-S. Wu 

Comment 

Metal complexes of bipyridine and its derivatives have been extensively studied because of their potential applications in 
catalysis (Morrow & Trogler, 1989; Noro et al, 2000) and visible light driven water oxidation (Duan et al, 2010). One of 
these compounds, 4,4'-di-fert-butyl-2,2'-bipyridine, has recently been used as ligand in coordination chemistry (Huertas et 
al, 2001; Qin et al, 2002). As a contribution to this research field, the crystal structure of the title complex containing a 
bipyridyl ligand is reported herein. 

The asymmetric unit of the title compound (Fig. 1) consists of one 4-fert-butyl-2-(4-?er?-butylpyridin-2-yl)pyridinium 
cation and one nitrate anion. In the cation, the dihedral angle between the planes of two pyridine rings is 19.06 (10)°. In the 
crystal, cations and anions are linked into a three-dimensional network by N — H- ■ O and C — H- ■ -O hydrogen bonds (Table 1 ). 



4,4'-Di-?ert-butyl-2,2'-bipyridine (0.15 g, 0.56 mmol) and nitric acid (30%, 50 ml) were stirred for 20 min at 313 K.The 
solution was then filtered and left to evaporate slowly at room temperature. After three weeks, colourless laths and prisms 
of the title compound were isolated. 



The H1N atom was located in a difference Fourier map and refined freely. All othe H atoms were placed in calculated 
positions and refined as riding, with C — H = 0.93-0.96 A and (7i S0 (H) = 1.2 C/ e q(C) or 1.5 C/ e q(C) for methyl H atoms. 
1456 Friedel pairs were merged. 



Experimental 



Refinement 



Figures 




Fig. 1. The molecular structure of title compound with displacement ellipsoids drawn at the 
50% probability level. 



4-ferf-Butyl-2-(4-ferf-butylpyridin-2-yl)pyridinium nitrate 



Crystal data 



M r = 331.41 



Orthorhombic, Pna2\ 



C18H25N2 -N0 3 " 



F{0Q0) = 712.0 

D x = 1.198 MgnT 3 

Mo Ka radiation, X = 0.71073 A 
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Hall symbol: P 2c -2n 
a = 11.606 (5) A 
b = 9.770 (4) A 
c= 16.199 (7) A 
V= 1836.8 (13) A 3 
Z=4 



Cell parameters from 1686 reflections 
9 = 2.4-25.1° 

\i = 0.08 mnT 1 
7=273 K 
Block, colourless 
0.29 x0.24x 0.19 mm 



Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 

r min = 0.962, r max = 0.978 

11773 measured reflections 



1705 independent reflections 

1314 reflections with / > 2o(I) 
R mt = 0.042 

Qmax = 25.2°, 6 m i n — 2.4° 

£ = -13^13 

>t = 1 1 >1 1 
/= 18^19 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(7^)] = 0.040 

wR(F 2 ) = 0.112 

S= 1.06 

1705 reflections 
227 parameters 
1 restraint 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F 2 ) + (0.064P) 2 + 0.0558P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

1-3 



Apmax = 0.14e 

Ap m in = -0.13 e A 



-3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 












Ol— N3 




1.235 (4) 


Cll— C14 


1.520 (6) 


03— N3 




1.239 (4) 


Cll— C13 


1.536 (6) 


02— N3 




1.221 (4) 


Cll— C12 


1.536 (6) 


Nl— C8 




1.340 (4) 


C12- 


-H12A 


0.9600 




Nl— C6 




1.354 (4) 


C12- 


-H12B 


0.9600 




Nl— H1N 




1.00(4) 


C12- 


-H12C 


0.9600 




N2— C3 




1.332 (5) 


C13- 


-H13A 


0.9600 




N2— C5 




1.339 (4) 


C13- 


-H13B 


0.9600 




CI— C2 




1.383 (5) 


C13- 


-H13C 


0.9600 




CI— C4 




1.398 (4) 


C14— H14A 


0.9600 




CI— Cll 




1.527 (5) 


C14- 


-H14B 


0.9600 




C2— C3 




1.382 (6) 


C14- 


-H14C 


0.9600 




C2— H2 




0.9300 


C15- 


-C16 


1.519(5) 


C3— H3 




0.9300 


C15- 


-C18 


1.524 (5) 



sup-4 



supplementary materials 



C4 — Cj 


1 1 CM ( Z. \ 

1.3o4 (j) 


PIC P 1 "7 

C 1 j — C 1 / 


l.MU (o) 


p /I o /I 

C4 — 114 


Pi mPiPi 

U.y3UU 


pu Tji /; a 
C 1 0 — rl 1 oA 


a pi/;pipi 

u.youu 


PC p /" 

CD — Co 


1 A PiC ( A \ 

[Ay D (4) 


PU I I 1 /" I) 

Clo — HloB 


u.youu 


p/l 

Co — C / 


1.3 /o (4) 


PU I I 1 /. p 

Clo — HloC 


pi n/;pipi 

u.youu 


f^H pin 
C/ — C1U 


1 mc ( a \ 
L.3yj (4) 


p 1 -7 ni7A 

CI / — HI /A 


u.youu 


C7 T47 

v. / 1 1 / 


U.7JUU 


C 1 7 T41 7R 
v. i / — 1 1 1 / r> 


u.youu 


C8 — C9 


1.364 (5) 


C17 — H17C 


0.9600 


C8 — H8 


0.9300 


C18 — H18A 


0.9600 


C9 — CIO 


1.398 (4) 


C18 — H18B 


0.9600 


C9 — H9 


0.9300 


C18 — H18C 


0.9600 


CIO — C15 


1.521 (5) 






PQ Ml ( ' 

Co — JN 1 — Co 


ni pi / 1 \ 
1ZZ.U (3) 


pi i pn u 1 1 a 
Cll — CI 2 — H12A 


1 nn £ 

luy.j 


pq m 1 1 1 1 \t 
Co — JN 1 — H11N 


1 1 Pi /">\ 

119 (2) 


P1 1 p|1 tji in 

Cll — C12 — H12B 


1 AA £ 

luy.j 


P/l \T 1 I I 1 TlT 

Co — JN 1 — H11N 


1 1 O /1\ 

lis (2) 


ti 1 2A — C 1 2 — ti 1 IB 


1 AA £ 

luy.j 


r^i \to re 
C3 — JNz — CD 


115.5 (J) 


pi i pn unp 
C 1 1 — CI 2 — ri 1 2C 


1 AA £ 

luy.j 


Oz — JN3 — Ul 


12U.1 (4) 


uiia pn unp 
ti 1 2A — C 1 2 — H 1 2C 


1 AA £ 

luy.j 


pi mi r\i 
<Jz — JN 3 — <J3 


121.0 (4) 


uiid pn unp 
H 1 2ii — C 1 2 — ti 1 2C 


1 AA £ 

luy.j 


Ol — JN3 — (J3 


1 1 O 1 /1\ 

116.3 (i) 


P11 P11 mi A 

Cll — C13 — H13A 


1 AA £ 

luy.j 


Cz — CI — C4 


116.1 (3) 


P11 pn in in 
Cll — C13 — H13B 


1 AA C 

ioy.5 


p~) ni ni i 

Cz — C 1 — C 1 1 


m o /i \ 
122.5 (3) 


un a pii uiid 
H 1 3 A — C 1 3 — H 1 iti 


1 AA £ 

luy.j 


C4 — C 1 — C 1 1 


ni i /i \ 
121.1 (3) 


P11 pi 1 u IIP 

Cll — CI 3 — H13C 


1 AA £ 

luy.j 


p "J pi pi 

C J — Cz — C 1 


nft A /i \ 

12U.U (i) 


UI5A P11 unp 

H 1 3 A — C 1 3 — H 1 3C 


1 AA £ 

luy.j 


pi pi ul 
C3 — Cz — Hz 


1 in a 
12U.U 


uiid pn unp 
H 1 3B — C 1 3 — H 1 3C 


1 AA £ 

luy.j 


p 1 PT TJ1 

CI — Cz — hlz 


12U.U 


P11 pn UH A 

Cll — C14 — H14A 


1 AA £ 

luy.j 


\n pi po 
JNz — C3 — Cz 


124.4 (3) 


P11 Pn U1/1T3 

Cll — C14 — H14B 


1 AA £ 

luy.j 


\n p-i tji 
JNz — C3 — hi 3 


I 1 n o 

II /.8 


unA pn uno 
H 1 4 A — C 1 4 H 1 4h5 


1 AA £ 

iuy.5 


n PI TTT 

Cz — C3 — hi 3 


in o 

1 1 I.O 


pi 1 pn tt 1 /ip 
Cll — C14 — rl!4C 


1 no ^ 

luy.j 


PC p /I pi 

CD — C4 — C 1 


ny.y (i) 


ui a A pn unp 
H 1 4A — C 1 4 H 1 4C 


1 AA £ 

luy.j 


PC P/l II /I 

Cj — C4 — rl4 


1 i/i a 
12U.U 


U1/1T3 P 1 /I unp 

rl 1 415 — C 1 4 — H 1 4C 


1 AA £ 

luy.j 


n p/i o /I 
C 1 — C4 — rl4 


1 in a 
12U.U 


Clo — CI J — C1U 


1 no ^ rt \ 

luy.o (j ) 


\n pc p /i 
JNz — Cj — C4 


111 n /l\ 
123. / (i) 


PU pK P10 

C16 — CI j — CIS 


1 AO A il \ 

lU8.y (i) 


JNz — CD — Co 


11/1 A /"I \ 

1 14. U (3) 


pin pn pio 
C1U — CI J — C18 


1 11 A /1\ 

113. U (i) 


P/i pc / 
C4 — CD — Co 


in i /i\ 
122.3 (i) 


Pl<r pk pn 

C16 — CI j — CI / 


1 AA A f A \ 

luy.u (4) 


\ti p/: p-7 

JN 1 — Co — C / 


1 1 O 1 /1\ 

lis. / (i) 


pin pk pn 
ClU — CI j — CI / 


1 AO A i1\ 

1U8.U (i) 


Ml P/C pc 

JN 1 — Co — Cj 


1 1 c c n\ 
11 j.j (3) 


pio pk pn 
C 1 S — C 1 J — C 1 / 


1 ao i n\ 
1U8.3 (i) 


p-7 P/C p C 

C / — Co — C D 


1 1 C A ^1 \ 

125. V (3) 


PK p]/ n|/A 

C 1 j — C 1 o — rl 1 o A 


1 AA £ 

luy.j 


p/: p-7 pin 

Co — C / — C 1 U 


111 1 /i\ 
121.1 (i) 


PK p]/ n|/n 

C 1 j — C 1 o — rl 1 ohs 


1 AA £ 

luy.j 


p/l pn tj'7 

Co — C / — H / 


1 1 A A 

ny.4 


U|/A pu ITUD 

rl 1 OA — C 1 0 — rl 1 ors 


1 AA £ 

luy.j 


pip, p-7 TJ'7 

C 1 U — C / — rl / 


1 1 A A 

ny.4 


PK p]/ UUP 

C 1 j — C 1 o — rl 1 oC 


1 AA £ 

iuy.5 


Ml p O Pfl 

jn i — Co — cy 


1 1 A C ^1 \ 

12U.J (3) 


UUA pu UUP 

rl 1 OA — C 1 0 — rl 1 oC 


1 AA £ 

iuy.5 


Ml PQ TTO 

JN 1 — Co — Ho 


ny.s 


uur> pu uup 
rl 1 ohs — C 1 0 — rl 1 oC 


1 AA £ 

luy.j 


pp. pO TTO 

CV — Co — hlo 


nno 

ny.s 


pk P1"7 U11A 

CI J — CI / — HI / A 


1 AA £ 

iuy.5 


PO pp. pip, 

Co — cy — c i u 


1 1 A 1 /1\ 

12U.3 (i) 


PK P 1 "7 TJ17D 

CIj — CI / — HI ID 


1 AA £ 

luy.j 


po p r\ TTO 

C8 — C9 — H9 


119.8 


TT1"7A P1"7 TT11D 

HI /A — CI / — HI ID 


109.5 


CIO— C9— H9 


119.8 


C15— C17— H17C 


109.5 


C7— CIO— C9 


117.3 (3) 


H17A— CI 7— H17C 


109.5 


C7— CIO— C15 


120.4 (3) 


H17B— CI 7— H17C 


109.5 


C9— CIO— C15 


122.3 (3) 


C15— C18— H18A 


109.5 


C14 — Cll — CI 


111.2 (3) 


C15— C18— H18B 


109.5 
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C14— Cll— C13 
CI— Cll— C13 
C14— Cll— C12 
CI— Cll— C12 
C13— Cll— C12 

C4— CI— C2— C3 

C5— N2— C3— C2 
CI— C2— C3— N2 
C2— CI— C4— C5 

C3— N2— C5— C4 
C3— N2— C5— C6 
CI— C4— C5— N2 
CI— C4— C5— C6 
C8— Nl— C6— C7 
C8— Nl— C6— C5 
N2— C5— C6— Nl 
C4— C5— C6— Nl 
N2— C5— C6— C7 
C4— C5— C6— C7 
Nl— C6— C7— CIO 
C5— C6— C7— CIO 



109.1 (4) 
106.7 (3) 
110.0(4) 
112.5 (3) 

107.2 (4) 
0.4 (5) 
177.9 (4) 
-0.1 (6) 
-0.3 (7) 
-0.2 (4) 
-177.7 (3) 
0.3 (5) 
-179.1 (3) 
-0.2 (5) 
179.2 (3) 
-0.6 (4) 

179.2 (3) 
-19.3 (4) 

161.3 (3) 
160.5 (3) 
-19.0 (5) 
-0.1 (4) 
-179.8 (3) 



H18A— CI 8— H18B 
C15— C18— H18C 
H18A— CI 8— H18C 
H18B— CI 8— H18C 

C6— Nl— C8— C9 
Nl— C8— C9— CIO 
C6— C7— CIO— C9 
C6— C7— CIO— C15 
C8— C9— CIO— C7 
C8— C9— CIO— CI 5 
C2— CI— Cll— C14 
C4— CI— Cll— C14 
C2— CI— Cll— C13 
C4— CI— Cll— C13 
C2— CI— Cll— C12 
C4— CI— Cll— C12 
C7— CIO— CI 5— CI 6 
C9— CIO— CI 5— CI 6 
C7— CIO— CI 5— CI 8 
C9— CIO— CI 5— C18 
C7— CIO— CI 5— CI 7 
C9— CIO— CI 5— C17 



109.5 
109.5 
109.5 
109.5 

0.2 (5) 
0.9 (5) 

I. 1 (4) 
-178.2 (3) 
-1.5 (5) 
177.8 (3) 

135.0 (4) 
-47.6 (5) 
-106.1 (4) 
71.3 (4) 

II. 1(5) 
-171.5 (4) 
-56.6 (4) 

124.1 (4) 
-178.2 (3) 
2.5 (5) 
62.0 (4) 
-117.3 (4) 



Hydrogen-bond geometry (A, °) 

D—H-A 

Nl— HIN-Ol' 

C4— H4-03" 

C7— H7-03" 

C9— H9-03"' 



D — H 
1.00 (3) 
0.93 
0.93 
0.93 



K—A 
1.89 (3) 
2.58 
2.49 
2.60 



D-A 
2.716 (4) 
3.480 (4) 
3.389 (4) 
3.385 (4) 



D — K—A 
137 (3) 
164 
163 
143 



Symmetry codes: (i) -x+1, -y+l,z-\ll; (ii)x-l/2, -y+\ll,z; (iii) -x+1/2, y-\!2, z-1/2. 
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